Background: Despite the improved appearance associated with skin-sparing mastectomy, removal of the nipple-areola complex has a negative impact on the patient. Still, nipple-areola complex-sparing mastectomy results in preservation of a substantial amount of mammary tissue at risk. This may be prevented by preservation of the nipple-areola complex as a graft that is temporarily banked (e.g., in the groin region). Methods: Ninety-seven nipple-areola complexes were banked as part of preventive (n ϭ 62) or therapeutic (n ϭ 35) skin-sparing mastectomies in 61 women with a median age of 41 years (range, 27 to 59 years) and a minimum follow-up of 2 years. The areola was harvested as a full-thickness skin graft with the nipple attached as a composite graft. In oncologic cases, the nipple-areola complexes were banked only after frozen section clearance. Results: Seventy-five nipple-areola complexes were replanted onto the reconstructed mammary mound after 10 months (range, 3 to 26 months). Repeated graft take was moderate to good in 73 of these 75 nipple-areola complexes. The projection of the nipple and pigmentation of the areola were moderate to good in 45 and 74 of the 75 repeatedly transplanted grafts, respectively. Conclusions: In skin-sparing mastectomy, maximum oncologically safe conservation of autologous mammary structures can be realized by means of temporary banking of the nipple-areola complex. Even though such banking may not be successful in all women, it proved to be satisfactory in most. (Plast. Reconstr. Surg. 127: 531, 2011.) 
T
here is no organ as connected to femininity, sensuality, sexuality, adulthood, and motherhood as the breast. 1 Given this physical and psychological importance, any technique that improves the aesthetic outcome of mastectomy is justified, provided it is oncologically safe. [2] [3] [4] Skin-sparing mastectomy has been propagated as such a technique, as the mammary gland, nipple-areola complex, possible biopsy incisions, and any skin overlying possibly superficially located tumors are resected. [5] [6] [7] Despite the improved appearance associated with skin-sparing mastectomy, removal of the nippleareola complex still has a negative aesthetic and emotional impact for the patient. 3 Consequently, the appearance of the reconstructed nipple-areola complex is critical to the overall quality of breast reconstruction. 8 Still, the nipple-areola complex presents multiple, subtle surface qualities that remain unattainable through reconstruction 9 and "none of the many ingenious techniques developed to simulate the original nipple are as good as the real thing." 10 Sparing of the nipple-areola complex as part of the mammary skin flap is essentially similar to a subcutaneous mastectomy 11, 12 and contradicts the risk-reducing goals of mastectomy by resection of the maximum amount of glandular tissue. 6, 13 The oncologic surgeons at our institute do not allow such preservation even in cases of preventive mastectomy, as they feel they can warrant breast-mutilating surgery in these generally young women only by maximum reduction of risk. 6 Moreover, the position of the nipple-areola complex is likely to shift from its original location as a result of redistribution of the mammary skin during skin-sparing mastectomy and the replacement of native breast tissue by an implant or autologous tissue. 13 Therefore, we reintroduced temporarily grafting of the nipple in the groin region to replant it as a secondstage procedure, after the final result of reconstruction of the mammary mound had been obtained. 10 In 2001, one of us reported using this "banking" technique to preserve the nippleareola complex while amputating a silicone-infested breast. 14 We now report on our experiences with temporarily banking the nippleareola complex in women who underwent therapeutic or preventive skin-sparing mastectomy for oncologic reasons.
PATIENTS AND METHODS

Indications for Surgery
Since December of 2004, all women older than 18 years scheduled for unilateral or bilateral, preventive or therapeutic skin-sparing mastectomy and immediate prosthetic reconstruction were considered potential candidates for temporary nipple-areola complex banking. We excluded women with invasive breast cancer or ductal carcinoma in situ larger than 4 cm, with multifocal invasive tumors, with carcinoma or ductal carcinoma in situ located within 2.5 cm of the nipple-areola complex, or with tumor-positive axillary lymph nodes, and women who presented with Paget disease or eczematous alterations of the nipple-areola complex. 13, [15] [16] [17] We report on the results of nipple-areola complex banking and replantation that was completed in the first 61 women (97 nippleareola complexes) with a median age of 41 years (range, 27 to 59 years) and a follow-up of at least 2 years, who were included in this study after informed consent had been obtained. Sixty-two nipple-areola complexes were banked in 37 women as part of a preventive mastectomy for BRCA1 or BRCA2 gene mutations (51 nippleareola complexes), familial predisposition (four nipple-areola complexes), contralateral breast cancer (five nipple-areola complexes), or additional ablative surgery after previous breast-sparing therapy that in itself had been oncologically complete (two nipple-areola complexes). The banking of the remaining 35 nipple-areola complexes was associated with therapeutic mastectomy for invasive carcinoma (23 nipple-areola complexes) or ductal carcinoma in situ (12 nipple-areola complexes) in 34 women. One woman underwent bilateral therapeutic mastectomy, and in eight women, unilateral therapeutic mastectomy was combined with contralateral preventive mastectomy. In two women, the latter procedure was performed secondarily.
Surgical Technique
Preoperatively, the incision agreed on by the oncologic surgeon and the reconstructive surgeon was marked on the patient. In most patients, the periareolar marking was extended either caudally or laterally. 18 Likewise, the banking site agreed on by the patient and the reconstructive surgeon was marked. In most women, the groin or lower abdominal area was chosen as the site of temporary banking in such a way as to allow the nipple-areola complexes and subsequent scar to be hidden by underwear or a bathing suit. Any scar of a previous operation was used as a banking site in other women.
To start the skin-sparing mastectomy, the areola was harvested by the reconstructive surgeon as a full-thickness skin graft in combination with the nipple as a composite graft (Fig. 1,  above) . In all therapeutic mastectomies, frozen sections of a full-diameter specimen were taken from the glandular tissue at the base of each nipple to intraoperatively decide against banking in cases where there was any doubt as to malignant involvement of this tissue. 7, 12 In addition, definitive paraffin slides were made of all frozen section specimens. 7, 12, 17 In cases where a sentinel node procedure was performed, we also awaited the result of the frozen section of the node(s) before the nipple-areola complexes were banked. 17 Meanwhile, the graft was kept in a moist gauze. 19 After obtaining clearance from the pathologist, the preoperatively marked banking site was deepithelialized to receive the graft that was dressed with a tie-over. 19 The tieover was removed after 10 days (Fig. 1 , center and below). In cases where the transplanted nippleareola complexes healed secondarily, the patient was seen at the outpatient clinic as needed.
The banked nipple-areola complexes were replanted onto the breast only after the size and shape of the reconstructed mammary mound had proven acceptable to the patient and her plastic surgeon, at least 3 months after skin-sparing mastectomy. Replantation was performed in an outpatient setting using local anesthesia. The temporary banking site was closed primarily, leaving a single linear scar with a length approximately twice the diameter of the transplanted nipple-areola complexes (Fig. 2) .
Follow-Up and Assessment of Surgical Outcome
Three months after initial banking and 3 months after replantation, the results were assessed for percentage graft take, level of remaining nipple projection, and extent of nipple-areola complex pigmentation by one of the consulting plastic surgeons of our institute. Graft take was defined as being good if more than 80 percent of the nipple-areola complex remained. Fifty to 80 percent graft take was defined as moderate, whereas less than 50 percent was defined as poor graft take.
Nipple projection was defined as good if more than 50 percent of the initial projection remained. Less nipple projection was defined as moderate, whereas no remaining nipple projection was defined as a poor result.
Pigmentation was defined as good if the color of the nipple-areola complex had not changed. Loss of pigment was considered a moderate result in cases where the nipple-areola complex was still clearly darker than the surrounding skin of the mammary mound, whereas no distinction between the color of the nipple-areola complex and Volume 127, Number 2 • Nipple-Areola Complex Banking surrounding skin was defined as a poor result. Mean oncologic follow-up for possible recurrent or residual tumor in the women who underwent therapeutic surgery and for possible de novo malignancy in women who underwent preventive surgery was 42 months (range, 24 to 64 months).
RESULTS
Intraoperative and Postoperative Assessment of Surgical Specimen
It was intraoperatively decided not to bank two of the 35 nipple-areola complexes associated with therapeutic mastectomy (two of 35 women) because of tumor-positive frozen sections. In both patients, the definitive paraffin slides equally proved tumor-positive. In one case of bilateral preventive mastectomy for BRCA2 mutation early in this series, analysis of the frozen sections was inconclusive, and both nippleareola complexes were discarded. Still, the definitive paraffin slides of both specimens proved tumor-negative. Thus, a total of 93 of the initially 97 included nipple-areola complexes (58 of 61 women) were available for follow-up after primary transplantation to the banking region. However, two women with three nipple-areola complexes (one therapeutic mastectomy and one bilateral preventive mastectomy) were treated elsewhere after mastectomy and nipple banking and, consequently, we present the follow-up of the 90 nipple-areola complexes of 56 women in whom we performed replantation. No recurrent, residual, or de novo tumor has been observed in any of the nipple-areola complexes in this series to date.
Graft Take, Projection, and Pigmentation at the Banking Site after Primary Transplantation
The 90 nipple-areola complexes were banked in the groin (n ϭ 68), in the lower abdominal area (n ϭ 9), or in an appendectomy (n ϭ 5) or cesarean section scar (n ϭ 8). Seventynine of these 90 nipple-areola complexes (49 women) showed good take at the banking location, whereas the take of eight nippleareola complexes (eight women) was moderate (Table 1) . Three nipple-areola complexes (two women) were lost entirely. Nipple projection at the banking site was good in 46 nipple-areola complexes (33 women), moderate in 21 nippleareola complexes (14 women), and poor to nonexistent in 23 nipple-areola complexes (16 women) ( Table 2 ). Forty-three of the 90 nippleareola complexes (30 women) showed no obvious loss of pigmentation after having been transplanted once (Table 3) . Forty-six nipple-areola complexes (28 women) showed obvious reduction in pigmentation, whereas only one nippleareola complex (one woman) showed near complete loss of pigmentation.
After a median banking period of 10 months (range, 1 to 26 months), a total of 15 nippleareola complexes were removed from the banking area in 10 women because of partial take of the graft at the banking site (n ϭ 13) or because of scar contraction and subsequent deformity of the graft (n ϭ 2). Consequently, we replanted a total of 75 nipple-areola complexes from the *Seven nipple-areola complexes were removed from the banking site even after initial good take. †Five nipple-areola complexes were removed from the banking site after initial moderate take. ‡All three nipple-areola complexes were removed from the banking site after initial poor take. *Two nipple-areola complexes were removed from the banking site even after initial good nipple projection. †Seven nipple-areola complexes were removed from the banking site after initial moderate nipple projection. ‡Six nipple-areola complexes were removed from the banking site after initial poor nipple projection.
banking site onto the reconstructed breast mound in 46 women, after an average of 10 months (range, 3 to 26 months).
Graft Take, Projection, and Pigmentation at the Reconstructed Breast after Replantation
Sixty-seven of the 75 replanted nipple-areola complexes (41 women) showed good take, whereas the take was moderate for six nippleareola complexes (five women) and poor for the remaining two nipple-areola complexes (one woman) (Table 1 and Figs. 3 through 5) . Thirty of these 75 nipple-areola complexes (22 women) still featured good projection, whereas 15 nippleareola complexes (12 women) showed moderate projection and 30 nipple-areola complexes (17 women) showed no projection. Seventeen of the 30 nipple-areola complexes that featured no projection after replantation (11 women) had already substantially lost projection after primary banking. Five nipple-areola complexes (five women) lost some nipple projection after replantation despite good initial projection (Table 2 ). There was no loss of pigmentation in 29 nipple-areola complexes (21 women) that were transplanted twice. Pigmentation remained moderate in 45 nippleareola complexes (26 women) and was poor in the one remaining nipple-areola complex (Table 3) . Overall, 73 of the 90 initially banked nipple-areola complexes (81 percent) demonstrated good to moderate take, 45 of 90 (50 percent) showed good to moderate nipple projection, and 74 of 90 (82 percent) still demonstrated good to moderate pigmentation after having been transplanted twice.
DISCUSSION
The psychological impact of oncologic breast surgery may be reduced by organ-sparing therapy. 2, 4, 7, 20 Sparing of the nipple-areola complex as part of the mammary skin flap is essentially similar to a subcutaneous mastectomy in that some of the glandular tissue at risk has to be kept under the nipple-areola complex to maintain its viability. 7, 11, 12, 16, 21, 22 Even after careful patient selection based on associated predictive factors, the occurrence of occult tumor in *Two nipple-areola complexes were removed from the banking site even after initial good nipple projection. †Twelve nipple-areola complexes were removed from the banking site after initial moderate nipple projection. ‡One nipple-areola complex was removed from the banking site after initial poor nipple projection. Fig. 2 ). (Right) As a result of the replacement of native breast tissue by an implant and redistribution of the mammary skin over its contents, the optimal site of the nipple-areola complex changed after skin-sparing mastectomy and immediate reconstruction. Note that in this patient a cluster of nevi cranially to the right areola was resected too, leaving a perpendicular extension of the mastectomy scar.
Volume 127, Number 2 • Nipple-Areola Complex Banking such a composite nipple-areola complex flap may be as high as 6 percent. 13, 17, 22 Therefore, perioperative or postoperative radiation therapy has been advocated to reduce the risk of local recurrence of breast cancer in the nippleareola complex, after its preservation as a composite flap.
11 Still, such radiotherapy has an unfavorable influence on the aesthetic outcome of the reconstruction. 7 By using the nipple-areola complex as a graft rather than a flap, the maximum amount of glandular tissue may be resected to ensure optimal oncologic safety. 15 Millard et al. were the first to report on such saving of the uninvolved nipple. 10 Subsequently, concerns about the safety of this procedure were raised in reports on patients with breast cancer cells that were found in the ipsilateral inguinal lymph nodes draining the banking sites. 9 In addition, several studies revealed a significant frequency of nipple-areola complex involvement in both invasive and noninvasive breast cancer. 9 Consequently, selection criteria of patients for heterotopic implantation of the nipple-areola complex were developed, 23 and Lemperle and Spitalny introduced postponing nipple-areola complex banking in the groin by preservation in a regular refrigerator until final pathologic examination was accomplished. 24 Like Lemperle and Spitalny, Cucin 25 and Nakagawa et al. 8 reported on postponed replantation of To obtain optimal symmetry, the temporarily banked right nipple-areola complex was replanted on the reconstructed mammary mound only after the reduction mammaplasty. The entire nipple was lost in this patient. Plastic and Reconstructive Surgery • February 2011 cryopreserved nipple-areola complexes, but this led to inconsistent results. This made us refrain from cryopreservation; instead, we adopted additional criteria to be met by the breast tumor for the nipple-areola complex to qualify for banking, to further optimize its oncologic safety. [15] [16] [17] Moreover, a specimen of the glandular tissue that may remain at the base of the nipple had to be histologically proven to be unsuspicious by intraoperative assessment of frozen sections. 7, 12 These measures reduce the risk of transplanting a nipple-areola complexinvolved carcinoma to less than 0.1 percent. 12, 15 Initially, we also took frozen sections during preventive skin-sparing mastectomies. Because this led to false-positive results, frozen section sampling was limited to therapeutic mastectomies later in this series.
Apart from these oncologic considerations, we prefer nipple banking to allow better secondary positioning of the nipple-areola complex at the reconstructed mammary mound. 8, 26 This position is likely to differ from its original location as a result of the replacement of native breast tissue by an implant. Furthermore, redefinition and reattachment of the inframammary fold and preaxillary line after their undermining during the mastectomy more often than not result in some redistribution of the mammary skin over its contents that causes a change of the optimal site of the nipple-areola complex (Fig.  3) . 13 An asymmetric or malpositioned nippleareola complex is difficult to correct afterward. 9 The site of nipple banking is determined together with the patient. A preexistent scar (e.g., appendectomy, cesarean section) is preferred because its use will not result in an additional scar. Still, it may be elongated after transfer of the nipple-areola complex and subsequent direct closure of the donor site. Temporary banking in the groin region is the second option because the linear scar that results after replantation can easily be hidden by underclothing or a swimsuit. Alternatively, every other location may be considered for banking (i.e., the axillary region).
14 Unlike cryopreservation, 8 banking allows moderate to good preservation of nipple projection and areola pigmentation, even after two transplantations, in most women. Loss of projection or pigmentation equally occurs after conservation of the nipple-areola complex flap, in 42.6 and 9.8 percent of patients, respectively. 27 The glandular component of the graft may fail more easily than its skin part, and this may have caused the loss of nipple projection in some women. This loss was restored surgically in six nipple-areola complexes by use of a local caterpillar flap, 28 either before or after replantation of the nipple-areola complex from the banking site to the breast. 9 The same applies to possible reduction of pigmentation resulting from two transplantations: this can be corrected by medical tattooing techniques either while the nipple-areola complex graft is still banked, or after it has been replanted onto the breast. In some of the 28 nipple-areola complexes (16 women) in which we set out to restore nippleareola complex color by tattooing techniques after replantation onto the breast, 29 we experienced difficulty in uptake of pigment. Consequently, we have recently changed our strategy and offer restoration of color while the nippleareola complex is still banked.
Compared with areola tattooing combined with nipple reconstruction by local flap techniques, nipple-areola complex banking has several advantages. It addresses the maximal preservation of autologous breast-related structures required of organ-sparing surgery without decreasing the oncologic safety of skin-sparing mastectomy. In addition to a significantly positive effect on psychological adjustment to mastectomy, nipple-areola complex sparing significantly enhances the patient's body image and satisfaction when compared with nipple-areola complex reconstruction. 13 Furthermore, the surface qualities and projection of both the areola and nipple cannot be imitated by flap and tattooing techniques as well as they can by the temporarily banked original. 9,10,13
CONCLUSIONS
In skin-sparing mastectomy, maximum oncologically safe conservation of autologous mammary structures can be realized by means of temporary banking of the nipple-areola complex. Even though such banking may not be successful in all women, it proved to be satisfactory in most.
